We make a detailed analysis of the BBρ(DDρ) and B * Bρ(D * Dρ) strong couplings g BBρ (g DDρ ) and g B * Bρ (g D * Dρ ) using QCD light cone sum rules(LCSR). The existing some negligence is pointed out in the previous LCSR calculation on g B * Bρ (g D * Dρ ) and an updated estimate is presented. Our findings can be used to understand the behavior of the B, D → ρ semileptonic form factors at large momentum transitions.
INTRODUCTION
At the present time, there is an increasing interest in exclusive B decays in order to explore the sources of CP violation. However, the definite interpretations for the relevant experimental data demand that we have the ability to precisely compute the physical amplitudes. It is nonperturbative QCD dynamics not being dealt rigorously with that would hinder us from doing such a desired calculation. One is forced to use some approximate methods. Lattice QCD simulation is the most trustworthy approach to nonperturbative QCD effects, with no parameters or assumptions, but the precision of calculation is limited by the available computing resources and some certain restriction exists [1] , for example, in describing b → u or s transitions.
The formulation of QCD factorization formula [2] is based on the first principle and is viewed as a great progress in phenomenology of heavy flavors; however, the underlying long distance effects included in a series of the hadronic matrix elements still confront us. Heavy quark symmetry can very well apply to describing the systems including one heavy quark, but is of less predictive power for heavy-to-light transitions. Although QCD sum rule method [3] builds its underlying physical assumptions on the field theory, and exhibits its decided superiority in dealing with some of nonperturbative quantities, such as decay constants, hadronic matrix elements and strong coupling constants, a problem with it is that the resulting form factors for heavy-to-light transitions can not behave very well in the heavy quark limit m Q → ∞. The successes of perturbative QCD in treating numerous hard exclusive processes have excited the occurrence of many excellent works. The most prominent of them is the development of QCD light-cone sum rules (LCSR) [4, 5] . It is the striking advantage of this approach to describe heavy-to-light transitions in a way consistent with the universally accepted physical picture that nonperturbative QCD dynamics occupies an dominant place and perturbative hard gluon exchanges contribute only a subleading effect in that case. LCSR approach takes the basic correlator, in which the proper current operators are sandwiched between the vacuum and an on shell light meson state, and adopts the operator product expansion (OPE) around the light cone x 2 ≈ 0 instead of at the small distance x ≈ 0. Nonlocal matrix elements occurring in this approach, which encode all the information on large distance dynamics, are parametrized in terms of a set of so-called light-cone wavefunctions classified by twist, which describe the momentum distributions of the quarks inside the relevant light mesons. This is identical with a summation over all the condensate terms in the short distance OPE. Consequently, the resulting form factors for heavy-to-light transitions exhibit the correct behavior with heavy quark mass, averting the problem with the traditional sum rules. This method has extensively been accepted and has found its successful applications, such as the investigations of the form factors for heavy-to-light transitions at small and intermediate momentum transfers [5] [6] [7] [8] [9] [10] [11] and of the strong couplings between heavy and light mesons [8, 12, 13] , since its presentation in [4] .
Very recently, it has been generalized to study the nonfactorizable effects in B → ππ [14] and to probe heavy-to-light form factors in the whole kinematically accessible ranges [15] . The technical details of LCSR can be found, for instance, in [6] , while for a detailed comparison with traditional sum rules, see [9] .
An investigation of strong interactions between heavy mesons and a light vector meson is of important phenomenological interest, and especially the relevant strong couplings can be employed to understand the behavior of the corresponding heavy-to-light form factors at large momentum transfer in a pole dominance model, which has proven to be exact in an effective chiral Lagrangian approach [16] . The off-shell
has been calculated in the standard LCSR approach [13] ; however, it calls for a reexamination due to some negligence existing in calculations. Another nonperturbative quantity deserving of investigation is the BBρ(DDρ) strong coupling g BBρ (g DDρ ), which turns out to be equally important. Motivated by all these facts, in this paper we make a systematic study on them.
This presentation is organized as follows. The following Section is devoted to a detailed derivation of the sum rules for g BBρ (g DDρ ) and g B * Bρ (g D * Dρ ), using LCSR method. Then we
give a numerical analysis of the resulting sum rules, including a discussion of error estimates, in Sec.3. The last Section give to a simple summary.
LCSR'S FOR THE STRONG COUPLINGS
The BBρ and B * Bρ strong couplings g BBρ and g B * Bρ can be defined as
The resulting findings can easily converted into the corresponding c-quark meson cases. According to the general strategy of QCD sum rules, it is needed to construct an adequate correlator in order to obtain an qualitative estimate for g BBρ and g B * Bρ . As usual, we use two correlators of the following forms as the starting points of LCSR calculations on g BBρ and g B * Bρ , respectively,
For the correlator (3), isolating the pole contribution of the lowest 0 − B meson and parametrizing these from the higher 0 − states in a form of dispersion integral, the hadronic form of the invariant functionF p 2 , (p + q) 2 may be written as (5) with a double integral starting from the same threshold parameter s 0 , which should be set in the neighborhood of the squared mass of the first excited 0 − B meson. Similarly we have for
. (6) QCD calculations of the underlying correlators may be allowed, on the other side, for the negative and large values of p 2 and (p + q) 2 , in which case the b quarks travel only a small distance x and therefore the operator product expansion (OPE) goes effectively in powers of the deviation from the light cone x 2 ≈ 0. We would like to work in the case where the interactions of the b quarks with the background field gluons are omitted, since their influence on the sum rules is, as always, negligibly small. On contracting the b quark operators into a free propagator,
one gets,
The nonlocal matrix elements
light cone wavefunctions of the ρ meson [17] [18] [19] as,
f ρ stands for the usual vector decay constant of the ρ meson and f
to the twist-3 ones, and both A (u, µ) and C (u, µ) have twist-4, which parametrize the mass
In deriving Eq. (11), it proves to be convenient for a partial integration to introduce the auxiliary
⊥ (u, µ) and A(u, µ), and
⊥ (u, µ) vanishes exactly due to cancellations in the partial integrations.
Furthermore, it is indispensable to convert Eq. (11) into a form of dispersion integral for upcoming continuum substraction. The relevant QCD spectral density can easily be obtained by virtue of the technique suggested in [20] . In the following we consider only the twist-2 and -3 terms and give a detailed deviation. First of all, we perform a double Borel transformation
, for the twist-2 term ( the term proportional to the inverse m
. The symmetry of the correlator makes it natural
so that the wavefunctions ϕ (u) may take its value at the symmetric point
Finally, we take the function f (σ 1 , σ 2 ) = 1 σ 1 σ 2 f (σ 1 , σ 2 ) and perform one more Borel transformation in the variables σ 1 and σ 2 : σ 1 → 1/s 1 and σ 2 → 1/s 2 . The resulting QCD spectral density reads
Applying all the same procedure to the twist-3 part, we have
which means that the twist-3 part receives no continuum substraction. With Eqs. (14) and (15), F QCD p 2 , (p + q) 2 can be expressed as
Making the Borel improvement
for both the theoretical and hadronic expressions, which suppresses the higher state and twist-4 contributions, and then equating them by the use of the quark-hadron duality ansatz, the final sum rule for f 2 B g BBρ reads,
Now let's turn from this topic to a discussion of the sum rule for the B * Bρ strong coupling g B * Bρ by expanding the relevant correlator (4) around the light cone x 2 = 0. Utilizing Eq. (7) it follows immediately that
The γ algebraic relation γ µ γ ν γ 5 = − 1 2 ǫ µναβ σ αβ +g µν γ 5 can help us to write it down in a preferred form,
The nonlocal matrix element ρ |u (x) γ 5 d (0)| 0 is exactly vanishing, as required by the parity conservation of strong interactions. The light cone expansions of the other two matrix elements reads [10, 19] respectively,
and
ϕ ⊥ (u) and g (20) and (21) into (19) we gain the theoretical expression for
It is interesting to note that the ρ mass effect is only offered by the twist-4 wavefunction A T (u).
Obviously, the QCD spectral densities concerning the leading and next-to-leading terms are, except for a constant factor, the same as those in the g BBρ case, respectively. Omitting details, we end up with the following sum rule for the product f B * f B g B * Bρ ,
It should be understood that the Borel variables M to take values at u = 1/2, to high accuracy.
We would like to emphasize that the previous LCSR results for g B * Bρ and g D * Dρ [13] are questionable, because of a missing factor 1/2 in front of the term −ǫ µαλρ σ λρ in writing down the γ algebraic relation γ µ γ α γ 5 = −1/2ǫ µαλρ σ λρ +g µα , and a misuse of the subtraction procedure
imposed on the twist-3 parts.
Numerical Results
The parameters to need fixing for a numerical estimate are those concerning the B [17] that QCD sum rule method is first applied to study the twist-2 distribution amplitudes of vector mesons. Later on, a more systematic discussion was given in [18] , where results of [17] were critically examined and updated. Very recently, the authors of [19] took further the meson mass corrections into consideration by introducing some higher twist distributions in the light cone expansions of the relevant nonlocal matrix elements, extending the work [18] by an additional use of the QCD equations of motion. The yielded findings, some of which will be used in our numerical analysis, have found applications [10] in phenomenology of exclusive semileptonic and radiative B decays. The explicit forms of the light cone wavefunctions in relation to our sum rule calculations are
with the coefficient a Having all the input parameters at hand, we could carry out the numerical calculations. It is a critical step towards deriving a reliable sum rule prediction to look for a reasonable range of the Borel parameters. The standard procedure requires that the terms proportional to the highest inverse power of the Borel parameters stay reasonably small, which can fix the lower limit of the fiducial Borel interval, and that the higher resonance and continuum contribution should not become too large, which may determine the upper limit of the allowed range. For the two sum rules in consideration, we find that the Borel intervals to satisfy the above criteria case, where the twist-4 wavefunctions contribute less than 6% and 5% and the high states at the orders lower than 23% and 25%, respectively. The figure 1 shows the sensitivity of the sum rules for f For a better understanding of the overall uncertainties in the coupling constants, it is highly advisable to employ the analytic forms instead of the numerical results in Eqs. (17) and ( case. The effects observed in such a way come from an extreme treatment and therefore are anyway being overestimated. Taking it into account that the twist-4 wavefunctions bring only a correction of about 4% to both sum rules for g BBρ and g B * Bρ , we can reasonably conjecture that the uncertainties due to neglected yet higher twists would be at best of the same orders as the twist-4 corrections. At present, the total uncertainties in the sum rules for g BBρ and g B * Bρ
can conservatively be estimated to be about 25% and 27%, respectively, by adding linearly up all the considered errors.
The same procedures may be used for a numerical discussion of LCSR for g DDρ and g D * Dρ .
The relevant parameters are taken as m c = 1. 
SUMMARY
We have made an intensive study on QCD interactions between heavy mesons and a light vector meson within the framework of LCSR. A detailed deviation of the sum rules is presented for the relevant strong coupling constants g BBρ (g DDρ ) and g B * Bρ (g D * Dρ ) and a systematic numerical analysis, including a painstaking investigation of the uncertainty arising from all the possible sources of error, is made. An existing negligence is pointed out in the previous LCSR calculation on g B * Bρ and g D * Dρ , and an updated LCSR result is formulated.
The obtained predictions can be used to estimate the couplings for the other charge states using the relations from isospin symmetry. Also, it is straightforward to investigate the B s BK * , B * s BK * and B * B s K * strong couplings, and the corresponding those in c quark meson case by making a corresponding parameter replacement in the relevant sum rules formulated.
The numerical results presented here should be updated, once our understanding of the meson wavefunctions, b-quark mass and decay constants became more clear, and the QCD radiative corrections are included in sum rule calculation. Fig.1 : The stability of LCSR for the products f 2 B g BBρ ( Fig.1 (a) ) and f B * f B g B * Bρ ( Fig.1 (b) ), with m b = 4.8 GeV and s 0 = 33 GeV 2 . Fig.2 : The stability of LCSR for the products f D 2 g DDρ (Fig.2(a) ) and f D * f D g D * Dρ (Fig.2(b) 
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